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ABSTRACT 
Recent research on the e f f i c iency of d i f f e r e n t methods of 
s o i l compaction carr ied out a t the Georgia I n s t i t u t e of Technology 
indicated that f o r a given s o i l a t a constant water content and 
subject to a given contact pressure the density a t ta ined depended 
on the s ize of compaction device and the thickness of the layer 
being compacted. 
The object of the invest igat ion undertaken was to invest igate 
the inf luence of the factors of compaction device s ize and compacted 
layer thickness on the density of a cohesive s o i l . The invest igat ion 
was carr ied out on an a n a l y t i c a l and experimental basis using c i r ­
cular compaction f e e t . The s o i l rased was an orange-brown, sandy, 
s i l t y clay of moderate compressibi l i ty . 
I n the a n a i y t i c a l invest iga t ion the s o i l was assumed to be a 
p e r f e c t l y e l a s t i c , homogeneous and isot ropic m a t e r i a l . I n i t i a l l y a 
purely a n a l y t i c a l approach was attempted but t h i s was l a t e r replaced 
by a method involving the use of a Newmark inf luence chart f o r 
vertic&fe pressures beneath a surface loading. The mean pressure over 
a layer immediately below the compaction foot was calculated based on 
c y l i n d r i c a l and conical assumptions of pressure d i s t r i b u t i o n throughout 
the l a y e r . Curves showing the re la t ionsh ip between t h i s pressure and 
the ra t i© of compaction foot radius to compacted layer thickness were 
developed. 
I n the experimental inves t iga t ion the s o i l was compacted s t a t i c a l l y 
by c i rcu la r compaction f e e t varying i n diameter from one to four inches. 
v i i 
Contact pressures of 15>0, 200 and 250 pounds per square inch were 
used i n the t e s t s . C y l i n d r i c a l sampling was used throughout. 
The dry density versus the r a t i o of foot radius to layer thickness 
re lat ionships f o r each foot were found a t 150 pounds per square 
inch and f o r the two intermediate f e e t a t the two higher pressures. 
The t h e o r e t i c a l and experimental mean pressures over the 
compacted layer were compared. 
These invest igat ions led to the fol lowing conclusions. For 
a constant applied pressure the density increases w i th decrease 
of compacted layer thickness r e l a t i v e to foot radius but a t a 
decreasing r a t e . The r a t e a t which densi ty increases and the 
densi t ies a t ta ined depends on the foot s i z e . As the compacted 
layer thickness decreases r e l a t i v e to foot radius the density 
at ta ined approaches a constant va lue . This maximum density i s 
a t ta ined w i t h a r e l a t i v e l y th icker compacted layer w i t h the larger 
compaction f e e t . For compacted layer thicknesses roughly less 
than the foot radius the greatest densi t ies are a t ta ined by the 
smallest f e e t . For compacted layer thicknesses roughly greater than 
the foot radius the greatest densi t ies are a t ta ined by the la rgest 
f e e t . I n add i t ion , the layer thickness f o r each foot a t which the 
density approaches the maximum increases as the contact pressure 
increases. Increase i n pressure does not necessari ly involve 
corresponding increases i n densi ty . 
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imODUGTION 
Compaction as referred to soil means the act ©f densifying the 
soil. The soil grains themselves are largely incompressible but 
pressing of the soil particles closer together expels air and water 
from the soil mass and decreases the void spaces in the soil. 
The excavation of soil masses in their natural state and the 
subsequent redeposition of these soil masses without compaction 
increases the average porosity, permeability and compressibility of 
the soil and greatly reduces the resistance to internal scour by 
water veins. Therefore since ancient times it has been customary 
to compact fills to be used as dams or levees. However no special 
attention was given to the compacting of highway embankments as the 
road surfaces were flexible enough to remain unharmed by the 
settlement of the fill. 
This practice did not have any serious disadvantages until the 
beginning of the twentieth century when the demand for hard-surfaced 
roads was increased by the advent of the automobile. It was soon 
realized that roads on these uncempacted fills were liable to break 
up or become very uneven. The necessity of avoiding these conditions 
led to attention being focused on methods of economically and efficient­
ly compacting the soil. At the same time the development of earth cam 
construction provided additional incentive for the development of 
construction techniques in the compaction of rolled fills. 
Thus the object in compacting a soil is to improve its physical 
properties. In particular to increase its strength and bearing 
capacity, to reduce its compressibility and decrease its ability t© 
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hold water or to a l low the passage of water through the s o i l . 
The degree of compaction i s expressed quant i ta t ive ly in terms of 
dry d e n s i t y . This i s defined as the weight in pounds of s o i l p a r t i c l e s 
per cubic foot of moist s o i l . 
I t was not u n t i l a r e l a t i v e l y recent date that means were developed 
for measuring and contro l l ing the degree of compaction. I t was Proctor 
(1) in 1933 who f i r s t published data t o show that the e f f e c t of com­
paction on the dry dens i ty of a s o i l i s dependent on trie moisture 
content of the s o i l and the amount of compactive e f for t appl ied . The 
compactive e f for t may be defined as the work done on the s o i l per uni t 
volume. He a i so showed that for a given compactive e f f o r t for each 
s o i l there i s an noptimum moisture content" a t which maximum dry dens i ty 
i s obtained (Fig . 1 ) . 
A . A . Kelso, an Austral ian engineer, obtained s imi lar r e s u l t s 
about the same t ime. His r e s u l t s are described in a paper submitted 
i n January 1931 for publ icat ion but not published u n t i l 193U. (2) 
In addit ion further i n v e s t i g a t i o n by the Corps of Engineers (3) 
and the Road Research Laboratory i n Bri ta in (k) among others revealed 
that by increasing the compactive e f f o r t an increase i s obtained in 
the maximum dens i ty and a decrease in optimum moisture content . 
Knowledge of the e f f e c t of compaction on the behavior of s o i l ; 
the degree of compaction needed for various s o i l s in various parts of 
a s tructure , the r e l a t i v e permanence of compaction; the degree of 
compaction which i t i s pract icable to obtain; and methods for contro l ­
l i n g compaction has increased rapidly s ince Proctor's ear ly work. How­
ever much work i s s t i l l required on the basic factors which control 
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the effectiyeness of compaction. 
Recent research a t the Georgia I n s t i t u t e of Technology on the 
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methods of s o i l compaction (5) indicated t h a t the densi ty was in f luenc­
ed by the s ize of the compaction device and the thickness of the layer 
being compacted. 
The purpose of th is invest igat ion was to f i n d the e f f e c t o f these 
factors on the compacted dry densi ty of the s o i l . 
When a pressure is applied to the surface of a s o i l mass t h i s 
pressure i s transmitted through the s o i l s t ructure through the points 
of contact of the gra ins . This pressure between trie grains causes 
many of them to move in to more stable posit ions or squeezes them into 
the voids i n the s o i l mass. The net e f f e c t i s a reduction i n the 
void space of the s o i l , tha t i s , a densify ing or compacting of the s o i l . 
I f the s o i l were p e r f e c t l y e las t i c , re lease of th is applied pressure 
would r e s u l t i n an expansion of the s o i l back to i t s o r i g i n a l volume. 
I n ac tua l f a c t there i s no appreciable rebound of the s o i l a f t e r release 
h 
of pressure. 
However in the analytical investigation the soil was assumed 
to be a perfectly elastic material and using this assumption the 
stresses throughout the soil due to an applied pressure at the 
soil surface were calculated. This assumption was felt to be 
a justifiable one as soil does exhibit elastic properties to a 
limited degree. For example it is probably quite as elastic 
as concrete which is usually assumed to be elastic in structural 
analysis. 
In the experimental investigation a pressure was applied 
statically by a compaction foot to the surface of an uncompacted 
layer of soil and the resulting density measured by sampling. 
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EQUIPMENT The oajor items of equipment used in carying out the experimental investigation are listed below. Thes included: A. Hydraulic testing machine. The compacting of the soil was caried out in a hydraulic testing machine (Fig. 2) having a total capacity of u,000 pounds. The testing machine was fited with a calibrated proving ring with an Ames gage, a reversing gear, and a sped-controling mechanism. 1. Compaction mold. The mold used (Fig. 2) was a large steel cylinder of ten and one-ight  inches internal diametr, five-sixteenths inch thick and twelve inches in height fited with a detachable base plate. C. Compaction feet. Four steel feet wer used having diametrs of one, one and fiteen-sixteenths, two and fiteen-sixteenths, and three and thirteen-sixteenths inches. Thes feet wer designated numbers one, two, three and four respectively and al had screwed atchments wherby they could be atched to the underside of the proving ring (Fig. 2), D, Volume device. The volume of the samples coated in parafin wax was found by means of a smal overflow tank whic  consited simply of 
6 
a o p e n t i n c o n t a i n e r w i t h a s h o r t l e n g t h o f B r a s s t u b e 
p r o t r u d i n g f r o m i t s s i d e w h i c h a c t e d a s t h e o v e r f l o w o u t l e t . 
T h e v o l u m e o f w a t e r d i s p l a c e d b y t h e s a m p l e w a s c o l l e c t e d i n a 
g r a d u a t e d g l a s s c y l i n d e r * 
S . S o i l . 
T h e s o i l u s e d i n t h e t e s t s w a s o b t a i n e d f r o m a p i t b e h i n d t h e 
C i v i l E n g i n e e r i n g b u i l d i n g a t t h e G e o r g i a I n s t i t u t e o f 
T e c h n o l o g y . I t w a s a n o r a n g e - b r o w n , s a n d y , s i l t y c l a y o f 
l o w p l a s t i c i t y a n d m o d e r a t e c o m p r e s s i b i l i t y . 
I t s s p e c i f i c p h y s i c a l p r o p e r t i e s a r e l i s t e d b e l o w . 
S p e c i f i c G r a v i t y 2 . 7 0 
L i q u i d L i m i t 3 8 . 7 
P l a s t i c L i m i t 23.h 
P l a s t i c i t y I n d e x 
15.3 G r a i n S i z e D i s t r i b u t i o n ( S e e A p p e n d i x C ) 
S t a n d a r d P r o c t o r M a x i m u m 
D e n s i t y 1 0 6 . 2 p o u n d s p e r c u b i c f o o t 
O p t i m u m M o i s t u r e C o n t e n t 1 9 . 6 
R e v i s e d B u r e a u o f P u b l i c R o a d s C l a s s i f i c a t i o n A - 6 
C o r p s o f E n g i n e e r s C l a s s i f i c a t i o n C L ( a n i n o r g a n i c 





The object ive of th is work was to invest igate the 
re la t ionsh ip between the mean stress throughout a layer immediately 
below the compaction foot and the surface contact pressure. 
The factors of importance can be established by dimensional 
ana lys is . 
For i f p = mean stress throughout layer of thickness zt 
p = surface contact pressure applied by compaction 
foot of radius a. 
Then f o r a given s o i l a t a constant water content, £ w i l l depend 
on 2, a, and z . 
Dimensionally, 
p = p . a. Zm 
T h a t i s , 
OC -1*. 
ML = M.L.L L 
Therefore p =* p ( % ) $ 
That i s p i s a funct ion of p and a / z or the mean stress depends 
on the surface pressure and the r a t i o of foot radius to l ayer t h i c k ­
ness. The s o i l was assumed, fo r the purpose of ana lys is , to be a 
« 
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per fec t ly e l a s t i c , i s o t r o p i c and homogeneous s o l i d . The 
surface of the s o i l upon which the c i rcu lar , uniformly loaded 
area ac t s was assumed to be the Boundary of a s emi - in f in i t e 
S tre s s Dis tr ibut ion in S o i l Mass. The problem was to find the 
s t r e s s d i s t r i b u t i o n throughout a p e r f e c t l y e l a s t i c , homogeneous, 
i s o t r o p i c and s e m i - i n f i n i t e s o l i d due t o a c i r c u l a r , uniformly 
loaded area ac t ing on the plane which forms the boundary of the 
s e m i - i n f i n i t e s o l i d . 
Solut ions for the s t r a i n s involved have been given by A. £ . 
H. Love (6) and H. Lamb (7) but the conversion of these to give 
an expression for v e r t i c a l s t r e s s was thought t o be outs ide the 
scope of t h i s t h e s i s . 
However an expression for v e r t i c a l s t r e s s has been developed 
by K0 Terazawa (8)# I t was 
s o l i d . 
(1) 
where v e r t i c a l s t r e s s a t d e p t h a be low s u r f a c e 
and a t r a d i u s r from c e n t e r l i n e of f o o t . 
a = f o o t r a d i u s . 
H = t o t a l applied load 
l y using the substitution R * J ' C ^ * - Z < x r c o s 8 + • r z ) 
these integrals are considerably simplified. 
1 e ° J , C k c x ) ' d K = ™ J o ~ * J o R 2 J C 
r 0 0 i f n ( a - r c « e ) . d e 
and J e • J o ( k r ) . J , ( K o O - K . d K - = "n"JG + 
t h e r e f o r e , 
_ n z ( " " c c x - r c o s e ) a e _ n f TC(o.-rcos8)de 
_ z _ n _ r \ < x - r c o s e ) d e 
Jo R ^ C R H . E 1 ) 
2 Z = 
For the case when r equals zero, that is for the vertical 
stress along the centerline of the circular area, 
T h e r e f o r e ( 2 ) b e c o m e s 
I f p = s u r f a c e c o n t a c t p r e s s u r e , t h e n II - TC.^-p 
i s r e p l a c e d b y t h e m o r e c u s t o m a r y s y m b o l p^ t h e n , 
p = — fejL^ - P + 
T h e r e f o r e P z / p s — I • + - * ' u x a \ 5 / ( t e n s i l e s t r e s s i s 
' U + I / z ) J / 2 t a k e n a s b e i n g p o s i t i v e . ) 
( w h e r e c o m p r e s s i v e s t r e s s i s t a k e n a s b e i n g p o s i t i v e . ) 
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This i s the fami l iar expression for the v e r t i c a l pressure p 2 
beneath the centre of a c ircular area of radius a luiiformly 
loaded with i n t e n s i t y £ on the surface of an e l a s t i c , homogeneous 
and i so trop ic material bounded by a p lane . I t i s normally 
derived by the integrat ion over a c ircular area of Boussinesq f s 
point load formula. 
Though the expression for v e r t i c a l s t r e s s given by equation 
(2) i s considerably simpler than ( 1 ) , i t i s s t i l l exceedingly 
complicated as the three in tegra l s involved are e l l i p t i c i n 
form. I n i t i a l l y i t was decided t o give r and z s p e c i f i c values 
i n terms of a and graph the functions under the i n t e g r a l s i g n s . 
The area under each of these functions was to be found. The sum 
of the product of these areas and the factors outs ide the i n t e g r a l 
s igns would then have given the value of v e r t i c a l s t r e s s for the 
designated r and z va lue . This method was rejected because of 
the excess ive amount of labor involved. 
The method f i n a l l y adopted was based on the use of Newmark ! s 
inf luence chart for the computation of v e r t i c a l pressures beneath 
a surface loading ( 9 ) . Newmark constructed t h i s chart by use of 
equation ( 3 ) . He gave various values to pz/p and found the 
corresponding values of r / z . Then a f t e r ass igning a s ca l e value z , 
the various r a d i i corresponding to the d i f f e r e n t values of pz/p 
were calculated and drawn. The r e s u l t i n g r ings were further sub­
divided r a d i a l l y . A t y p i c a l Newmark chart i s shown in Figure 3 . 
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Using t h i s chart , curves of s t r e s s as a percentage of surface 
contact pressure versus depth i n r a d i i were drawn for various 
d i s tances from the center of the loaded area . 
To draw one such curve, f or example the curve corresponding to 
var ia t ion of s t r e s s with depth at a dis tance of three times the 
radius of the foot from the center of the loaded area the procedure 
would be as fo l lows (Fig .3)« F i r s t l y ass ign a value of a/2 say, to 
the sca le length and using t h i s s ca l e draw a c i r c l e of radius a on the 
inf luence chart a t a d is tance of 3a from the center of the chart . The 
product of the number of areas wi th in the foo t area and the inf luence 
value for the chart would give the s t r e s s a t a depth ef a /2 below the 
surface and a t a d is tance of 3a from the center of the c i rcu lar f o o t . 
3 y ass igning values of a / 2 , a , 3 a / 2 , 2a e t c . , t o the s c a l e length 
and repeating the above procedure the required curve can be drawn. 
Similar curves can be drawn for various d is tances from the 
center of the f o o t . Because of the rapid decrease i n s t r e s s with 
depth a semi- log p l o t was used. (Appendix A . F ig . 1 1 ) . 
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P I G . 3 
V E R T I C A L S T R E S S D I S T R I B U T I O N B Y 
N E W M A R K I N F L U E N C E C H A R T . 
1 3 
p 
H E A I T O R A V E R A G E P R E S S U R E A T 
D E P T H 2 . 
M e a n o r A v e r a g e S t r e s s a t D e p t h g . U s i n g t h e c u r v e s o f s t r e s s 
v e r s u s d e p t h f o r v a r i o u s v a l u e s o f t h e d i s t a n c e f r o m t h e c e n t e r * 
o f t h e l o a d e d a r e a i t w a s p o s s i b l e t o d r a w c u r v e s s h o w i n g t h e 
v a r i a t i o n i n p r e s s u r e w i t h d i s t a n c e f r o m t h e f o o t c e n t e r f o r 
v a r i o u s d e p t h s . T h i s w a s a c c o m p l i s h e d b y p l o t t i n g , f o r e a c h 
d e p t h b e i n g c o n s i d e r e d , t h e v a l u e s o f s t r e s s c o r r e s p o n d i n g 
t o t h e v a r i o u s r a d i a l d i s t a n c e s a g a i n s t t h e s e r a d i a l d i s t a n c e s 
( A p p e n d i x A , F i g u r e s 1 2 , 1 3 ) . 
I t w a s n e x t n e c e s s a r y t o f i n d t h e m e a n s t r e s s a t e a c h o f 
t h e s e d e p t h s . T h i s w a s d o n e o n t h e b a s i s o f : 
( i ) a l l o f t h e s t r e s s b e i n g w i t h i n a t r u n c a t e d c o n e w i t h a 
s i d e s l o p e o f f o r t y - f i v e d e g r e e s . T h e a s s u m p t i o n i s 
t h a t a l l o f t h e l o a d i s s u p p o r t e d b y t h e s t r e s s e s w i t h i n 
t h e t r u n c a t e d c o n e . T h i s a s s u m p t i o n c o m p a r e s v e r y c l o s e l y 
w i t h t h e d i s t r i b u t i o n o f a c t u a l s i g n i f i c a n t s t r e s s e s , a s 
c a n b e o b s e r v e d b o t h f r o m t h e s t r e s s e u r v e s ( F i g u r e s 1 2 , 
1 3 ) a n d b y o b s e r v a t i o n o f t h e c o m p a c t e d s a m p l e s ( F i g u r e 9 ) . 
Hi 
(ii) the stress withim a ey Under of soil immediately below the 
circular area and having the same radius as this area, 
alone being used to calculate the mean stress. This approach 
was used to obtain a theoretical equivalent to the densities 
obtained by cylindrical sampling. 
The formulae used were derived as fellows: 
From Fig. ii 
If 2 =s stress at a distance r from the center 
line of the foot and depth z. 
Then the load carried by a ring of radius r and thickness &r 
= \ > . 2 r C r . S r 
Therefore the total load 
applied load. 
If p mean stress at a depth z and this stress 
acts out to radius r 
'a 
Using the conical assumption, r 2 + O L 
Therefore, 
(4) 
Based on the cylindrical assumption, 
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Using these relationships the mean pressure at various depths 
was calculated based on a unit contact pressure. Curves of mean 
pressure versus the depth z expressed in radii were drawn (Appendix 
A Fig. l2i) based upon both conical and cylindrical assumptions. 
Mean or Average Pressure over Layer. To find the mean pressure 
over a layer of thickness z immediately below the loaded foot, the 
thickness z was divided into the area bounded by the curve of mean 
pressure vs. depth, the axes, and the line corresponding to the 
depth of the layer. These areas were measured by planimeter. The 
mean pressures for various layer thicknesses were calculated for 
both assumptions and finally curves of mean pressure based on a 
unit contact pressure versus the ratio of foot radius to layer 
thickness were drawn. This was done for both conical and cylindrical 
assumptions. 
16 
EXFERBffiNTAL INVESTIGATION The soil to be used in the tests was obtained from a pit behind the Schol of Civil Enginering. It was brought indoors and alowed to air dry by placing in large flat pans. The soil was pased through al, S, Standard Number k Sieve, (square 0.185 inches openings). The larger lumps wer broken up by hand. The soil retained was broken up and resieved as far as posible. After resieving the soil retained on the scren was discarded while al pasing was mixed thoroughly to insure uniformity. Standard clasifcation tests wer caried out on the soil in­cluding a grain size test, a specifc gravity tests and liquid and plastic limit detrminations (10). Test wer run to detrmine the water content of the soil. (10) A standard Proctor test was caried out to detrmine the maxium density and optimum moisture content of the soil (10). The amount of water t© bring the soil up t© a water content about four percent below the optimum moisture content was calculated. This water was aded to the soil and mixed thoroughly to achieve a uniform distribution of moisture throughout the soil. The soil was placed in sealed containers and the water content checked by standard tests. Soil was placed in the mold in thin layers and compacted with a standard Proctor hammer until a compacted layer having a total thick­nes of approximately five inches was obtained. Care was taken to 
17 
achieve a fiat level surface of compacted soil. A layer of uncompacted soil was next placed in the sold and leveld by hand. The mold was,then positoned in the hydraulic testing machine and ay the use of a woden piston whic  fited loosely inside the mold a preconsolidation presure of ten pounds per square inch was applied to the soil t© ensure uniform conditons throughout the uncompacted layer. The woden piston was removed and the compaction foot to tee used fited ©n the proving ring. The foot was then applied t© the soil until the requisite presure was atained. The presures used throughout the tests wer  150, 200 and 25>0 pounds per square inch whic  are typical of the range of widely us ed compaction equipment. The foot was withdrawn from the soil and the mold removed from the testing maehine. On removal the loose soil around the compacted portion of the uper layer was scoped out until this portion and the permanently compacted layer below wer al that remained. The remainig part of the uper layer in general resmbled a truncated cone with bulging sides as would be expected from theoretical considerations. Initaly atempts wer made to sample this truncated cone but this proved impractiable due to the loose nature of the soil ©n its outside. Thereafter cylindrical sampling alone was used and this proved simple and eficient. The cample was separated from the lower layer by exerting a light lateral pul applied by the fingertips to the sample sides. After removal the sample was trimmed and its thicknes measured. This thicknes was that ©f the newly compacted layer* The sample was 
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weighed accurate ly , coated in paraffin wax and weighed again. 
The volume of the coated sample was found by the displacement of water. 
For each sample three or more volume determinations were made and 
the mean value tabulated. This volume l e s s the volume of the 
paraff in wax was taken as the volume of the sample. 
Two water content determinations were made for each sample 
where the sample s i z e permitted t h i s . 
The dry dens i ty of each sample was calculated from the 
re lat ionship^ 
y 
I+-OJ ' 
dry der>s«Lt̂  \n pounds per cubic foot j 
untt weight of SocL in pounds per 
cubic: foot 
ŵv-te-r* content . 
Curves of dry dens i ty versus the ra t io of compaction foot 
radius to layer thickness were drawn for the four compaction 
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DISCUSSION OF RESULTS 
Experimental Resul ts . 
Graphical re lat ionships for a l l four f e e t were found only 
fo r a pressure of l£0 pounds per square inch . Certain trends 
then became apparent and i t was f e l t that i t would be s u f f i c i e n t 
to v e r i f y these trends at two higher pressures by the use of 
the two intermediate f e e t . I n addi t ion i t was found extremely 
d i f f i c u l t to sample and accurately determine the volume of the 
one inch diameter samples. With the largest foot i t was found 
impossible to obtain layer thicknesses as th ick as would have 
been des i rab le . The range of pressures used (l50-2£o pounds 
per square inch) i s roughly equivalent to l i g h t compaction equipment 
or roughly comparable wi th the pressures encountered i n the standard 
Proctor t e s t . 
Inspection of the densi ty - &/z curves f o r a pressure of 1$0 
pounds per square inch reveals several points of i n t e r e s t which 
are noted and discussed i n the fol lowing paragraphs. 
The density—a /z re la t ionsh ip var ies w i t h the foot used i n 
compacting the s o i l but a l l four curves are s imi lar i n character, 
Their common character is t ic is t h a t w i t h the decrease of layer 
thickness r e l a t i v e to foot radius the density increases but a t a 
decreasing r a t e . With fu r the r decrease i n layer thickness the 
density a t ta ined approaches a constant value and does not increase 
w i t h decrease i n layer th ickness. This maximum density would appear 
to be at ta ined when the l ayer thickness approaches one- th i rd of the 
2U 
foot radius but i t occurs a t lower a / z r a t i o s for the larger f e e t . 
From dimensional a n a l y s i s , d i f f e r e n t curves would be expected 
from each foot s ince the dens i ty can be shown in fac t to be a 
function of the rec iproca l of the foot diameter. Thus f o r a 
given a/z r a t i o the smaller the foot used the greater the 
corresponding dens i ty would be expected t o b e . For values of 
a/z greater than about one, that i s when the layer thickness 
becomes l e s s than the foot radius t h i s can be seen to be t r u e . 
However for a /z l e s s than one, t h a t i s when the layer thickness 
i s greater than the foot radius t h i s t h e o r e t i c a l deduction i s not 
borne out by the experimental r e s u l t s . In f a c t for layer th i cknes s ­
es of two and one-half times the foot radius and greater the reverse 
seems t© be the case v i z . the larger the f o o t used the greater the 
dens i ty obtained. This can be at tr ibuted t o a bearing capacity 
f a i l u r e of the layer being compacted, i n turn a t tr ibutab le to a layer 
thickness s u f f i c i e n t t o enable f u l l shear zones to develop (F ig . 1 0 ) . 
This shear zone becomes f u l l y developed when the layer thickness i s 
about twice the foot rad ius . This bears out previous p r a c t i c a l 
observations of the same f a i l u r e a c t i o n . 
In addit ion the smaller the foot the greater the increase in 
dens i ty per un i t increase i n the a /z r a t i o . 
Using these curves i t i s poss ib le t o show that for a constant 
a / z rati© equal to or greater than one, tha t i s wi th layer thicknesses 
equal t o or l e s s than the foot radius , the re la t ionsh ip between dens i ty 
and the rec iproca l of the foot radius are l i n e a r l l y r e l a t e d . (Appendix 
C) , This re la t ionsh ip i s only true up t o t h e point where bearing 
2$ 
capacity fa i lure begins to take p l a c e . 
Inspection of the curves a t 200 and 250 pounds per square 
inch y i e l d s some more i n t e r e s t i n g information. 
I t can be seen the a / z r a t i o at which the dens i ty attained 
i s beginning to approach the maximum decreases as the pressure 
i n c r e a s e s . For example for the 3M diameter f o o t , t h i s a / s r a t i o 
a t 150 pounds per square inch i s about three whereas i n the case 
of 250 pounds per square inch pressure t h i s r a t i o i s reduced t o 
about two, that i s when the layer thickness i s about one-half ©f 
the foot rad ius . I t i s d i f f i c u l t to find a poss ib l e reason for 
t h i s phenomenon. 
These curves a l s o ind ica te that as the pressure increases the 
value of a /z a t which bearing capacity f a i l u r e begins to occur i n c r e a s e s . 
That i s a shear zone may be developed with a thinner layer a t higher 
pressures . 
I t i s a l so i n t e r e s t i n g to note that increase i n pressure does 
not neces sar i l y involve corresponding increases i n d e n s i t y . For 
example i n the case of the two inch diameter foot the d e n s i t i e s 
obtained with a pressure of 250 pounds per square inch were i n fac t 
l e s s than those obtained with a pressure of 200 pounds per square 
inch . This phenomenon did not appear i n connection with the three 
inch diameter foot suggest ing that i t depends on foot s i z e as w e l l 
as pressure . This i s in l i n e with the theory of bearing capacity 
f a i l u r e . This phenomenon would seem t o indicate a squeezing of the 
s o i l from beneath the foot due to a shearing fa i lure of the s o i l . 
Theoret ical R e s u l t s . 
26 
As the procedure i n obtaining a l l of the t h e o r e t i c a l curves i s 
f u l l y de ta i l ed l i t t l e need be sa id about the t h e o r e t i c a l r e s u l t s 
other than in t h e i r r e l a t i o n t o the experimental r e s u l t s , 
CORRELATION OF THEORETICAL AND EXPERIMENTAL RESULTS 
I t has already been shown in the a n a l y t i c a l procedure that at a 
constant applied pressure the mean pressure over the layer i s a 
function of the r a t i o a / z . In a s imilar fashion the dry dens i ty of the 
compacted layer can be shown to be a funct ion of the r a t i o a/z and the 
rec iproca l of the foo t radius for a given surface contact pressure . 
From the c u r v e s of dens i ty v e r s u s a /z a t l £ 0 pounds per square inch 
contact pressure i t was found that for a constant value of a/z the 
dens i ty was a l inear function of the reciprocal of the foot rad ius . 
This was only true for values of a/z greater than one. Below one 
such a l inear re la t ionsh ip could not be said to e x i s t . This would 
seem to be due to the f a c t that bearing capacity f a i l u r e tends t© 
take place when the layer thickness i s r e l a t i v e l y greater than the 
foot rad ius . The tendency then i s for the greatest d e n s i t i e s t o be 
attained by use of the larger f e e t . 
The l inear re la t ionsh ip between dens i ty and 1/a for constant 
values of a/z greater than one could be expressed by the equation, 
Y D = 8b +• K/a. ( S e e Appendix C) 
where k i s a constant . This constant had a d i f f erent value for each 
value of a/z a t the contact pressure of l£0 pounds per square inch , 
K var ie s between about s i x when a /z equals one to about e ighteen 
when a/z i s greater than three . 
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Thus by drawing the curve of k or ( Y D - 8 0 < x versus 
a/z a unique curve was obtained from a l l four curves of dens i ty 
versus a / z . 
(To - Q(o)<x can be seen to have the dimensions of 
pressure . In fac t i t i s a l inear function of the mean t h e o r e t i c a l 
pressure over the compacted layer for the given s o i l at a contact 
pressure of 150 pounds per square inch (Appendix C)« Hence i t may 
be reasonably assumed that (VD-sO^ i s a l i n « a r function of the 
mean experimental pressures over the conpacted l a y e r . 
These experimental and t h e o r e t i c a l pressures were compared a t 
corresponding a/z r a t i o s assuming that as a/z approaches two the 
t h e o r e t i c a l and experimental values for the mean pressure become 
equal . The experimental values were p lot ted on the same graph as 
the curves showing the t h e o r e t i c a l r e la t i onsh ip between contact 
pressure, f o o t radius and larger thickness for a comparison of 
trends . 
The ca lcu lat ions involved in corre lat ing the experimental and 
t h e o r e t i c a l r e s u l t s are included i n Appendix C. 
The values of the experimental pressures p lo t ted on the same 
graph as the theore t i ca l pressures agreed very c l o s e l y wi th the 
c y l i n d r i c a l t h e o r e t i c a l curve. However, i t must be remenkered that 
the assumption of equal t h e o r e t i c a l and experimental pressures a t 
a/z equal to about two may not be s t r i c t l y correc t . I t i s f a i r l y 
evident that t h e assumption i n t r e a t i n g the s o i l as a homogeneous 
i s o t r o p i c , f u l l y e l a s t i c s o l i d i s a good one in t h i s c a s e . The 
experimental r e s u l t s would be expected to be c lose to the c y l i n d r i c a l 
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theoretical curve as all of the samples used in the tests were 
cylindrical samples. 
It is obvious that if conical sampling had been possible the 
resulting densities in all cases would have been smaller and 
probably nearer the actual field densities. 
P I G • 9 D E N S I F I C A T I O N O F S O I L W I T H I N P R E S S U R E B U L B . 
FIG. 10 BEARING CAPACITY FAILURE OF LAYER DURING COMPATION* 
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CONCLUSIONS 
The results may be summarized as follows: 
For a constant applied pressure, 
The density - a/z relationship varies with foot size but all 
of the curves showing this relationship are similar in 
character* Their common characteristic is that with decrease 
of layer thickness relative to foot radius the density 
increases but at a decreasing rate* 
With further decrease in layer thickness the density attained 
approaches a constant value. This maximum density is attained 
at lower values of the a/z ratio with larger compaction feet* 
At lf>0 pounds per square inch surface contact pressure this 
maximum density is attained when the layer thickness approaches 
roughly ©ne-third of the foot radius. 
For layer thicknesses less than the foot radius at a given 
a/z ratio the smaller the foot used the greater the cor­
responding density* For layer thicknesses greater than the 
foot radius a "bearing capacity failure of the soil beneath the 
feet tends to take place and when this happens, the larger the 
foot used the greater the density attained. 
With layer thicknesses at which there is no bearing capacity 
failure, for any constant a/z ratio there is a linear 
relationship between density and the reciprocal of foot radius. 
In addition, 
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The ratio a/z at which the density attained approaches the 
maximum decreases as the pressure increases. That is for 
each foot the maximum layer thickness at which the maximum 
density is attained increases with increasing surface 
contact pressure. 
With increasing pressure the value of a/z at which ©earing 
capacity failure occurs, increases. That is a complete 
shear zone can be developed with a thinner layer at higher 
pressures. 
Increase in pressure does not necessarily involve correspond­
ing increases in density. 
The assumption that the soil is a perfectly elastic, homogeneous 
and isotropic material appears to be a valid one in this case 
judging by the similarity of trends between the analytical and 
experimental mean pressure curves (fig. 8). 
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RECOMMENDATIONS 
There were severa l suggest ions for further study ar i s ing from the 
i n v e s t i g a t i o n carried out* 
(a) For a given compaction f o o t , t h e foot radius—layer thickness r a t i o 
a t which the maximum dens i ty i s a t ta ined with varying contact pressures 
i s worthy of further study* From such a re la t ionsh ip i t might be 
poss ib le to f ind for a given foot s i z e and contact pressure, the 
maximum layer thickness at which maximum dens i ty would be at ta ined 
throughout the compacted layer , 
(b) For a given contact pressure the var ia t ion with foot s i z e of 
the foot radius—layer thickness r a t i o a t which the maximum dens i ty 
i s at tained would a l so seem t o be w e l l worthy of further s tudy. 
( c ) Searing capacity f a i l u r e of the s o i l being compacted leads t o 
poor compaction. For t h i s reason the v a r i a t i o n of the a/z r a t i o 
a t which bearing capacity begins t o take p l a c e , with varying foot 
s i z e and/or varying contact pressure i s of i n t e r e s t and would 
appear to f u l l y j u s t i f y further i n v e s t i g a t i o n , 
(d) The i n v e s t i g a t i o n revealed that even when there was no ex ter ior 
evidence that a bearing capacity f a i l u r e was taking place nevertheless 
increasing pressure did not neces sar i l y involve increasing d e n s i t y . 
This would suggest pos s ib ly a l o c a l shearing of the s o i l in the 
immediate region of compaction f o o t . The pressure at which th i s 
begins to occur and i t s var ia t ion with foot s i z e would seem t o justify-
even more than the previous recommendations, a complete i n v e s t i g a t i o n . 
3k 
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FIG. 12 DISTRIBUTION OF VERTICAL STRES AT EPTH Z (PART l). 
PIG. 13 DISTRIBUTION OF VERTICAL STRES AT EPTH Z (PART 2) . 
3a 
Mean Stress a.t depth z referred to unit contact pressure 
a o oj a a 0 3 0 4 Q 5 0 - f t Q 7 o e ° 9 I O 
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